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Abstract 



PURPOSE:To obtain the information of an article rapidly and precisely by transmitting laminated information for the shape 
and color of the article obtained by moving a center direction distance sensor horizontally and vertically through a 
communication circuit and synthesizing signals received in each layer on the receiving side. 
CONSTITUTIONThe article 1 is set up on a horizontal board and a board mounting a measuring sensor 5 and color 
sensor 6 is rotated around the Z axis by a motor 8. The length between the sensor 5 and the surface of the article is 
measured by the sensor 5 in each rotation and the color is detected by the color sensor 6. Then, the board 4 is finely 
moved by a motor 10 in the Z axis direction along a pole 9. An external shape coordinate finding circuit 15 finds out the 
shape and color information on the basis of inputs from the sensors 5, 6 and positional signals from the motors 8, 10 and 
sends the obtained information to the communication circuit 20. On the receiving side, a molding machine is controlled on 
the basis of the sent signal, photosensitive resin is applied to each layer, exposed, hardened, and colored. Then the resin 
on an unexposed part is removed. Consequently, the shape and color of the article can be transmitted rapidly and 
precisely to a remote place. 
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CLAIMS 



1 A device for transmitting three-dimensional shapes characterized by an information 
transmitting system which links a transmitter and a receiver by communications lines, 
where the transmitter is equipped with a distance measuring sensor (hereafter referred to 
as the sensor) installed above the {lbtEQt8te}*sensor rotating system which rotates 
said sensor horizontally at fixed angular increments on saidff LLEGIB fc % a sensor 
surface movement system which mose the horizontal rotation surface of the sensor up 
and down vertically, a sensor position/angle instruction circuit for the vertical movements 
and rotation position of said sensor, and a circuit for deducing the appearance 
coordinates of the object whose shape is to be transmitted (hereafter referred to as the 
"object") which is mounted near the center of the sensor's rotation, the coordinates of the 
object, measured as the sensor rotates around it in predetermined angular increments, 
are digitally encoded layer by layer as the sensor is moved upwards by predetermined 
increments, and where the receiver is comprised of a shaping apparatus equipped with a 
gun for spraying photo-sensltlve resin agent (hereafter referred to as the photo-sensitive 
agent gun), a gun for spraying a tight-reflecting agent (hereafter referred to as the 
reflecting agent gun), and an irradiating gun [1b] all mounted as a unit so as to be able to 
be moved into indicated positions along three-dimensional axes, and a gun 
switching/positioning Instruction circuit for each gun, a layer-specific coordinate memory 
which stores the digital code sent from the aforementioned transmitter for each layer, and 
a region/non-region partitioning circuit which processes the coordinate data in the layer- 
specific memory circuit; the photo-sensitive agent is sprayed by the photo-sensitive agent 
gun to the thickness of the predetermined incremental motions of the aforementioned 
transmitter, the irradiating gun irradiates the region to be irradiated by light, hardening 
said photo-sensitive agent, while reflecting agent is sprayed onto the region not to be 



irradiated by light is sprayed by the reflecting agent gun. and this is repeated layer by 
layer until finally the unradiated photo-sensitive agent is removed and a laminated model 
in the shape of the above-mentioned object is formed. 

2 A device for transmitting three-dimensional shapes as described in Paragraph 1 of 
the Claims of this Patent Application characterized by the above-described transmitter 
being equipped with a mounting platform on which the object is mounted rotates 
horizontally instead of the horizontally rotating sensor as described above. 

3 A device for transmitting three-dimensional shapes as described in Paragraph 1 of 
the Claims of this Patent Application such that the sensor described in Paragraph 1 , the 
sensor rotating system, and the sensor surface motion system are able to move 90° [2a] 
such that the horizontally rotating surface of the senscr as described in Paragraph 1 can 
be a vertically rotating surface, and the vertical movement up and dcwn can be converted 
into horizontal motion. 

4 A device for transmitting three-dimensional shapes as described in Paragraph 1 of 
the Claims of this Patent Application such that the mounting platform and the system for 
rotating the mounting platform can be rotated 90° so that the horizontally rotating platform 
on which the object is mounted and which described in the foregoing Paragraph 2 of the 
Claims of this Patent Application can rotate vertically. 

5 A device for transmitting three-dimensional shapes as described in Paragraph 1 of 
the Claims of this Patent Application characterized by incorporating into the transmitter a 
public domain computer for processing three dimensional designs and deducing the 
coordinates and colors of the object data created by said computer tor processing three- 
dimensional designs as digital codes. 

6 A device for transmitting three-dimensional shapes as described in Paragraphs 1 
through 5 of the Claims of this Patent Application characterized by the ability to color the 
photo-sensitive agent by installing a color analyzer onto the transmitter described in 
Paragraphs 1 through 4 of the Claims of this Patent Application, which moves as a single 
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unit with the sensor, and by equipping the receiver described in Paragraphs 1 through 5 
of the Claims of this Patent Application with a gun which sprays colorant (hereafter 
ref rred to as the colorant gun), and which moves as a single unit with the photo-sensitive 
agent gun, so that the transmitter transmits the color of the object encoded digitally along 
with the coordinates, and the receiver receives this and colors the photo-sensitive agent 
by said colorant gun as the photo-sensitive agent is sprayed. 

7 A device for transmitting three-dimensional shapes as described in Paragraphs 1 
through 6 of the Claims of this Patent Application characterized by the incorporation of an 
enlargement/reduction circuit In the region/non-region partitioning circuit of the receiver 
so that enlarged and reduced shapes can be formed. 

DETAILED EXPLANATION OF THE INVENTION 

Industrial Applications 

This invention concerns a device for transmitting three-dimensional shapes.by 
accurately and promptly sending the design, color, and shape of the object to a distant 
party. 

Prior Art 

Conventionally, when a distant party requests a test product, product sample, 
master pattern or mold, machine processed item, three-dimensional design, etc., the 
shape, appearance, and color of the object is transmitted to the distant client by shipping 
out the actual item itself, sending documents such as photographs, sketches, drawings, 
etc., or by transmitting facsimilies of these. 



Problems to be Solved by This Invention 



In the above-described conventional methods for transmitting the shape, 
appearance, and colors of an item, when drawings, sketches, or photographs are sent, 
there is the time loss of the time required to make the drawings and sketches or prepare 
the photographs and dispatch them which impares the prompt transmission of the 
information, nor do these methods address the problem of allowing the receiving party to 
actually understand and grasp the real shape, colors, and appearance of the item directly. 
When the item itself is sent, the time required for packaging and registering the item as 
well as the transit time impare the prompt transmission of the information, and this is 
particulariy problematic when the receiving party is at a distant overseas location. 
Moreover, there always exists the risk of damage or Joss occurring during transit when 
these methods are used. 

In order to solve the problems described above, this invention takes as its object 
the offering of a device for transmitting three-dimensional shapes which promptly, 
accurately, and reliably transmits to the second party the shape, colors, and appearance 
of the item in question. 

Methods Employed to Solve the Problems 

This invention is characterized by a solution to the above described problems 
which, as a method for measuring the shape, appearance, and color of the object, uses 
first a transmitter which is equipped with a sensor and color analyzer revolving 
horizontally as one unit, and which is equipped with a sensor rotating system constituted 
so the surface of rotation can be moved up and down, and a sensor surface moving 
system, as well as sensor position/angle instruction circuits and appearance coordinate 



deduction circuits; as a meihcd of making a three-dimensional shape of the object for the 
benefit of a distant party it uses a receiver comprised of a shaping apparatus equipped 
with a photo-sensitive agent gun, a colorant gun, a reflective agent gun, and an irradiating 
gun, constituted so as to move along three-dimensional axes as one unit, as well as a 
layer-specific coordinate memory, a region/non-region partitioning circuit, and gun 
switching/positioning circuits; as a method of communicating from the above-described 
transmitter to the receiver, it is constituted so as to transmit digitally encoded information 
indicating the shape and color of the object, in addition, as a method of analyzing hidden 
apertures in the object, the transmittor is capable of rotating the sensor rotating system 
and the senson surface movement system 90° so that the sensor rotation system Is 
vertical. 

Moreover, as a variant embodiment of the above, instead of rotating the sensor and 
color analyzer of the transmitter as [3a] described above, a method which rotates the 
body itself Is incorporated by installing a mounting platform rotation system. In this case, 
the device is constituted to allow the rotation surface of said mounting platform rotation 
system to be set at a 90° angle as a method of analyzing hidden apertures. 

Moreover, in another embodiment, the transmitter uses the shape and color data 
directly from a public domain computer which processes three-dimensional designs 
instead of recognizing the shape and color from an object, and is constituted so as to 
include circuitry for deducing appearance coordinates as a method of processing said 
data. 

Also, circuitry for computing enlargements and reductions Is Incorporated in the 
region/non-region partitioning circuits in the receiver as a method of forming enlarged or 
reduced models. 



Function 



This invention uses a process for modeling objects by accumulating layers of a 
predetermined thickness which have been hardened and shaped from a liquid resin 
agent which has the characteristic of being sensitive to and hardening by ultraviolet light, 
etc., (hereafter indicated as 'the above-described photo-sansitive agent"), and in order to 
color the modeled object, mixes In a colorant while the photo-sensitive agent is still in a 
liquid form, and is thus able to transmit the shape and color of the object to a distant 
location {3b]. 

. The transmitter has the function of comprehending the shape and color of the 
object in layers, deduces the appearance coordinates of the object layer by layer, 
separates out the color for each set of coordinates, and digitally encodes the information; 
the receiver has the function of forming a model of the object based on said digital code 
transmitted by a method of communication, and after it has interpreted the digital code for 
each layer and processed the calculations for hidden apertures, it controfs the shaping 
process and makes a model of the object as described above. 

Examples 

The following explains an embodiment of the invention in detail using the 
diagrams. 

First the constitution is explained. Figure 1 is a diagram showing the constitution 
of the Transmitter for the invented device for forming three-dimensional shapes, and 
Figure 2 Is a diagram shwoing the constitution of the Receiver for the same. The 
Mounting Platform 2 on which the Object 1 whose shape and color are to be transmitted 



is mounted is fixed in approximately the center (CHECK ORIGINAL] of the Transmitter by 



the Supporting Arm 3 at the [ILLEG.J (not shown in the diagram). Around the periphery of 
said Mounting Platform 2 the Sensor Platform 4 revolves horizontally around the central 
vertical axis of the Mounting Platform 2, and the Sensor 5 which measures distance and 
faces the center, and the Color Analyzer S which, like Sensor 5, faces the center of th9 
horizontal surface, are Installed |?] on said Sensor Platform 4. Sensor Platform 4 is 
supported on the Platform for Moving the Sensor Surface 7 which is capable of horizontal 
movement, and is positioned by a Motor for Rotating the Sensor 8 which is a servo-motor, 
pulse motor, or similar motot (hereafter "servo-motor will be used to represent the range 
of possible motors). For said Sensor Moving Platform 7 to be capable of vertical 
movement, a number of Poles 9 support the Sensor Moving Platform 7 so that it can be 
driven by the Motor for Moving the Sensor Surface 10, which is a servo-motor or the 
equivalent. The Frame 11, in which the Poles 9 and the Sensor Surface Moving Motor 
10 are installed, Is driven by the Motor for Rotating the Sensor Surface Vertically 12, a 



able to rotate 90 degrees in the horizontal plane arount the vertical axis (hereafter 
referred to as the Z axis) running through the aforementioned Mounting Platform 2. 
Sensor 5 employs a laser or other distance measuring apparatus, using a laser source, 
splitter, fixed reflectors, phototransistors, and other components which are in the public 
domain. The Color Analyzer $ also uses components such as a prism spectroscope, 
phototransistor, etc. [3d] The Motor for Rotating the Sensor 8 and the Sensor Platform 4 
are one embodiment of the Sensor Rotating System, and the Platform for Moving the 
Sensor Surface 7, the Poles 9, and the Motor for Moving the Sensor Surface 10 are an 
embodiment of the Sensor Surface Moving System. 

The circuitry for the Transmitter is also shown in Figure 1. The Circuit for 
Detecting the Quantity of Light 6a is connected to the Color Analyzer 6 so as to receive 
signals of the three primary colors, and the Circuit for Computing Measurement 5a is 




servo-motor or the equivalent, supported by an 




not shown in the diagram) 



connected so as to receive the laser interference light signals of the Sensor 5. Each 
motor 8, 10, and 12. is constructed so as to be connected to the corresponding 
Movement Circuit 8a, 10a, or 12a, and lo revolve forwards or backwards by only the 
amount instructed by the movement signals received from these circuits. Said Movement 
Control Circuits 8a, 10a, and 12a are connected with the Sensor Angle/Position 

« 

Instruction Circuit 13; Movement Control Circuits 8a and 12a receive angle instruction 
signals, and Movement Control Circuit 10a receives position instruction signals. The 
Appearance Coordinate Detector Circuit 14 is connected such that it receives 
• measurement computation values from the Measurement Computing Circuit 5a, values of 
the quantity of light in three primary colors from the Circuit for Detecting the Quantity of 
Light 6a, and Sensor position and angle change signals from the Sensor Angle/Position 
Instruction Circuit 13, and Is constructed and connected so that it outputs digital signals 
which indicate the Object's appearance and coordinates to the Una Interface Circuit 15 
[4aJ. The line Interface Circuit 15 changes said digital signals to serial signals and is 
connected to the Communications Circuit 20 either directly or through a public line by 
{ILLEGIBLE*modem?J. 

In this invention, the Shaping Apparatus is the essential component of the 
Receiver; Figure 2 is a summary diagram of this apparatus and Figure 3 shows a view 
from above. In the Shaping Apparatus are installed the Poles 21a and 21b parallel to 
the X-axis and the Pole 22 parallel to the Y axis in the horizontal direction, and Poles 
23a. 23b, 23c, and 23d parallel to the Z-axis in the vertical direction, where X. Y, and Z 
form a three-dimensional set of axes intersecting each other at right angles; the Y-axis 
Pole 22 has the X-axis motor 24, which is a servo-motor or the equivalent, positioned at 
its end and supported by the X-axis poles 21a and 21b such that it is able to move 
parallel to the X direction. The X-axis poles 21a and 21b have the Z-axis motor 25, 
which is a servo-motor or the equivalent, positioned at their ends and supported by the Z- 
axis poles 23a, 23b, 23c, and 23d such that they are able to move parallel to the vertical 



direction. The Photo-sensitive Agent Gun 27, Light Irradiating Gun 28, Reflecting Agent 
Gun 29. Primary Color Colorant Gun 30. as well as the Photo-Sensitive Agent Container 
31, Reflecting Agent Container 32, and each Colorant Container 33 are all installed on 
the Y-axis Poie 22 so that they are moved as a unit by the Y-axis Motor 26, which is a 
servo-motor or the equivalent. Each Container. 31, 32, and 33. can also be connected to 
each type of gun by a [ILLEGIBLE=*lexible?} pipe which attaches to the outside of the 
containers. At the lower middle of the Shaping Apparatus is placed a Shaping Vessel 34 
which Is open on the top, such that each gun can move to Its Indicated position above the 
open surface, and sealed on the bottom, where there is empiaced the Plug for Removing 
Liquid Agents 34a. Each gun 27, 28, 29, and 30 is capable of a switching operation by 
its respective solenoid [?J (not shown In the diagram). 

The circuitry of the Receiver is shwon in Figure 2. The construction and 
connections of the Une Interface Circuit are such that it receives digital signals form the 
above-described Transmitter from the Communications Circuit 20 and outputs said digital 
signals to the Memory Control Circuit 36. Said Memory Control Circuit 36 is in turn 
connected to the Layer-Specific Coordinate Memory 37, and is constituted so as to be 
able to command that data, such as the shaping coordinates or color, be written onto or 
read from the designated memory references. Said Layer-Specific Coordinate Memory 
37 [4c] is connected to the Region/Non-Region Partitioning Circuit 38 and constituted so 
as to be able to receive both read-out and write-in data. Said Region/Non-Region 
Partitioning Circuit 38 Is connected to the Gun Switching/Positioning Instruction Circuit 
39 and constructed so as to receive sequence instruction signals and compute motion 
regions for each gun and output regional partitioning signals. As an auxilliary, the 
Enlargement/Reduction Circuit 41 is incorporated in said Region/Non-Region Partitioning 
Circuit. The Gun Switching/Positioning Instruction Circuit 39 is constructed and 
connected such that it receives the completed transmission signals from the Line Interface 
Circuit 35. determines the shaping sequence, outputs gun instruction signals to the Gun 



Slop/Slart Drive Circuit 40, and outputs position instruction signals to Motor Drive Circuit 
24a. 25a, and 26a. Each Motor Drive Circuit is connected to a motor, 24a to the X-axis 
Motor 24, 25a to the Z-axis Motor 25, and 26a to the Y-axis Motor 26. and controls each 
motor, positioning it at the designated position. 

The following describes the operation of a device for transmitting three- 
dimensional shapes having the constitution described above. First, the three-dimensional 
axes, the X and Y axes on the horizontal and the Z axis on the vertical, which are mutually 
perpendicular, are [4d] established with the point of origin at the center of the rotation of 
Sensor 5. Sensor 5 is sequentially moved by a fixed angular amount 48 by the Sensor 
Angle/Position Instruction Circuit, when it has made one complete revolution it is moved 
upwards along the Z-axis by a fixed increment AZ and executes a rotation as before. 

Meanwhile at every movement of A6 the distance between the surface of the Object 
to the Sensor 5 is calculated by the Sensor 5 and the Distance Calculation Circuit 13, 
and by the formula given below, the Appearance Coordinates Detector Circuit deduces 
the coordinates of the Object's external shape. Ft is the distance from the center to the 
Sensor 5 (sensor rotation radius), m Is the number of minute angular movements in one 
rotation, and n is the number of rotations by minute movements up the Z-axis. 
Z=nx&Z 

X=(B-L)xcos(mx &B) 

Y=(R-L)xsin(mxd&) 
The color at said X, Y, and Z coordinates can be measured immediately before or after 
the sampling point of the fixed angle Aa by the Color Analyzer 6 and the Circuit for 
Detecting the Quantity of tight 6a. so the Appearance Coordinates Detection Circuit 14 
holds both the distance and color analysis data for each sampling point until completion 
of the sampling process, assigning appropriate colors to the coordinates I5a]. 

By net changing the Z-axis until the angles have made a circuit as above the Object 
is comprehended as though it is divided Into layers along the Z-axis. The coordinates and 



colors thus apprehended are digitally codified into binary or other codes and, through the 
agency of the Line Interface Circuit 15. transmitted by the Communications Circuit to a 
Receiver in a distant location either as the generated data becomes available or as a 
batch stored in memory. Moreover, when there exists a Hidden Aperture such as 1a on 
the Object 1 , the Motor for Moving the Sensor Surface Vertically 1 2 is moved by the 
Sensor Angle/Position Instruction Circuit 13 and Orive Circuit 12a so that the face of the 
S nsor rotation is vertical, and the Sensor is moved by a minute angular increment, A6, at 
a time, over the vertical face comprised of the Y and Z axes, and when it has completed 
one rotation it is moved along the X axis by an increment limited to AX as described 
above, until the appearance and color of the object have been apprehended. The data 
thus derived are transmitted to the Receiver as movement data. 

When the data arrives at the Receiver, it Line Interface Circuit 35 receives the 
digital code sent over the Communications Circuit 20 and through the agency of the 
Memory Control Circuit 36, it [5b] is stored in the Layer-Specific Coordinate Memory 37 
for each layer aiong the Z-axis. When there is supplemental data the Region/Non-Region 
Partitioning Circuit 30 wiil correct the coordinates and add the position of the Hidden 
Aperture to the Layer-Specific Coordinate Memory 37. The corrections and updating for 
such hidden aperture processing may occur in the Transmitter as well. Upon completion 
of reception, the information is sent from the Line Interface Circuit 35 to the Gun 
Switching/Positioning Instruction Circuit 39, and said Circuit 39 initiates the shaping 
sequence operation. First the Photo-sensitive Agent 31a is sprayed over one surface in 
the Shaping Vessel 34 by the Photo-sensitive Agent Gun to a thickness A8 which is the 
predetermined amount of movement of the above-described Transmitter. Meanwhile, 
from the Layer-Specific Coordinate Memory 37 the Gun Switching/Positioning Instruction 
Circuit 39 computes the amount of colorant from the three primary colors to be sprayed 
(by indicating the length of time for which valves are open, etc.) and also computes the 
spraying movement position of the Colorant Gun in the Region/Non-Region Partitioning 
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Circuit 38, executing the coloring operation once the photo-sensitive operation is 
compfete. Similarly, it calculates the irradiation motion regions of the Light Irradiating Gun 
28 between coloring operations, executing the light irradiating operation after the coloring 
operation is completed. The spray movement region of the Reflecting Agent Spray Gun 
28 between executions of the light irradiation operation is similarly calculated and after 
the light irradiation operation (5c] has been competed, the reflective agent spraying 
operation is executed. The portions of said photo-sensitive agent 31a which have been 
irradiated by light harden to form a single layer. This is repeated until finally ail the layers 
have accumulated to form a model which has the shape and color of the original Object. It 
is also possible at this point to form an enlarged or reduced model by enlarging or 
reducing the coordinates for the regions and non-regions by the Enlargement/Reduction 
Circuit 41. The reflecting agent is necessary for hardening to occur by irradiation 
wherever the Object has indentations. At the end of this process the Plug for Removing 
Liquid Agents 34a is opened to eliminate unhardened photo-sensitive liquid. 

Figures 4 and 5 show other embodiments of the Transmitter of the invented 
device for transmitting three-dimensional shapes. In Figure 4 the Sensor 5 is only able 
to move vertically but the Mounting Platform 2 is moved horizontally by the Motor for 
Rotating the Mounting Platform 16, allowing a similar deduction of coordinates. It is 
constructed so that the Motor for Switching the Mounting Platform 17 switches 90o so it 
can revolve vertically In order to measure the Hidden Aperture la. In order that the 
Object does not fall off the stand In such cases {5d) It is held to a transparent ring (not 
shown in the diagram} by pins or the equivalent, supported at many points, arranged so 
that when the coordinates are deduced such objects extraneous to the Object such as 
said pins or transparent ring are ignored. Figure 5 shows the transmission of three- 
dimensional data created by a public domain Computer which Processes Three- 
dimensional Designs 18; by the Appearance Coordinate Detector Circuit 14, it 
hypothesizes three-dimensional axes based on said object data, deduces the color and 



coordinates of the Object layer by layer, and encodes them digitally. In this case it is 
possible to use a short cable, etc., and incorporate tha Communications Line 20 as part of 
the Computer which Processes Three-dimensional Designs 18. 

Effects of the Invention 

When the invented device for transmitting ihree-dimensional shapes is used to 
transmit the color and shape of an object to a party in a distant location, the actual object 
can be modelled in the new location without relying on documents such as drawings, 
photographs, or sketches, therefore it is accurate; because there is no time lost to 
shipping or mailing and since the time needed to make drawings, photographs, and 
sketches is eliminated, it Is prompt; and because there is no risk of loss or damage in 
transit, it is reliable. For the above -described reasons, this invention is [6al an effective 
method of sending the shape and color of an object accurately, promptly, and reliably to a 
distant party. 

In the modern social and business environment {ILLEGIBLE] which continually 
redefine expectations of accuracy and promptness, this Invention has the effect of 
producing Increased time effectiveness and profitability by increasing the share of a 
produqj and bestowing an advantage over the competing companies. 

Also, since the data necessary to form the model Is stored In the Layer-Specific 
Coordinate Memory of the Receiver, it is possible to produce identical models or, by an 
operation of the Enlargement/Reduction Computing Circuit, to produce enlarged or 
reduced models extending the effectiveness of shape and color transmission over a wide 
range of applications. 

BRIEF EXPLANATION OF THE DIAGRAMS 



Figure 1 through 3 show diagrams cf an embodiment of this invention, and 
Figures 4 through 5 show other enbodiments. Figure 1 is a diagram summarizing the 
constitution of the transmitter for the invented device for forming three-dimensional 
shapes, viewed obliquely, and its constituent circuits. Figure 2 Is a diagram 
summarizing the shaping apparatus of the receiver of this invention, viewed obliquely, 
and its constituent circuits. Figure 3 is a surface diagram of said shaping apparatus. 
Rgura 4 shows another embodiment of the transmitter of the invented device for 
transmitting and shaping three-dimensional objects. Figure 5 shows the constitution of 
yet another embodiment of the transmitter. 

1 Object 

2 Mounting Platform 

3 Support Arm 

4 Sensor Platform 

5 Sensor 

5 a Measurement Computing Circuit 

6 Color Analyzer 

6 a Circuit for Detecting the Quantity of tight 

7 Platform for Moving Sensor Surface 

8 Motor for Rotating Sensor 

9 Poles 

I 0 Motor for Moving Sensor Surface 

I I Frame 

1 2 Motor for Switching Sensor Surface Vertically 
1 3 Sensor Angle/Position Instruction Circuit 
1 4 Appearance Coordinate Detector Circuit 
1 5 Line Interface Circuit 
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1 6 Motor for Rotating Mounting Platform 
1 7 Motor for Switching the Mounting Platform 

1 8 Computer which Processes Three-dimensional Designs 

2 0 Communications Circuit 

21a, 21 b Poles "W X~«4*'> 

2 2 Polet -vW /-a^'j 

23a, 23b, 23c, 23d Poles finr 

24 X Axis Motor 

[24 a Motor Drive Circuit] 

25 Z Axes Motor 

(25 a Motor Orive Circuit] 

26 Y Ax«s Motor 

[26 a Motor Drive Circuit] 

2 7 Photo-sensitive Agent Gun 

2 8 Light Irradiating Gun 

2 9 Reflecting Agent Gun 

3 0 Primary Color Colorant Gun 

[3 1 Light Sensitive Agent Container 

3 2 Reflecting Agent Container 

3 3 Colorant Containers for each Color] 

34 Shaping Vessel 

[34a Plug for Removing Liquid Agents] 

3 5 Line Interface Circuit 

3 6 Memory Control Circuit 

37 Layer-Specific Coordinate Memory 

3 8 Regional/Non-Regional Partitioning Circuit 

3 9 Gun Switching/Positioning Instruction Circuit 
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4 0 Gun Stop/Start Drive Circuit 
{41 Enlargement/Reduction Circuit] 
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W±BMB^ 'J - B»0»± 
tfygjtf • ttEISSO KB*SS 
till £ ft {3 £ 2? * £ 5 25 31 ^ UD fS ^ S "C «5 # O 

Btt • a^^r r ^ /i/fip^wia^tejS'r * * ? 
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LTaftflta*s*Bftm*ea»fcMtt£t-4 

t LTtt»aa2 6 0affl»O)liU»B3^iBiKinc* 

-'*xar 4*s± LT*0S0MmBB*<4" 
iu'L*:tilift£r4c&tTft4• 
s *estt&Bc*vt'TK*£0 • ra^^j^r 

£ftL«Arfttf/«0«%cSfe?a4C±*Wffl 

St** 5 ii^t v*- 5 ±®-fc¥m± 

tt<b'0* * * -mthm* - 9 - 8 tCJ; *> 

ffi*!!i3ft*. y *-Bd£!»-& 7 ttSK^riajtc 
f>MBJfcfc cfe •? cW*tffe»*CD*-/u9 
*ft. * - # * - 9 - -b - fl9f£$J!l/8 * 

i i affile *»b a 2 osi&^ta (i^Tz^iie 
# da**?*) (z&xz ft* - # * - 9 u to * 

*a<ttffl* ft4. £/t&ftfe#tff 
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tf!ffl*ft4. * y*-®$hR*-fi - 8 4? J: Of -tr 

>*-i&4tt*y*-|BIKi«IH0-«T*9* * 
^ ^> - 25 f ^ «ft ^ 7 . #-;u9, -fe * If - ffl&ttffl 
* — ^ — I 0 tt-fe :/<f -BH#0imft0--0!T**. 

fttt&f&oEiBttfitiiN u < m 1 0<c^$nr 

**4. X lit (ft a Is) ft 6 >^^^{f}96^^ 

ftr 4«fc •}-ttfc*JiTt>4. ^.^-^- 8i x 0f 
I 2 Ht&*ffi&[3& 8 a . 10a. 12^^ 

ISter 4 <fc 3 ftT H 4 . tt$BttB] & 8 a . 

10a. l 2 a c tt-fe y * -ft £ - fifcffiJBJEElB 
1 3 tlUfflBB 8a, I 2 a ttftftl&S 

SfiMEB 1 0 a littBJSEff -*§•££{£?- 

4 . #0a£«2PltfitB]ftl 4 t*ftffijH-&lslft 5 a * 

^^-ffltB • ftKfi<tft^*Sftr 4 J:^»S*$ 
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9 /t ,J5 if * •> 'J T L « 

s*jew*jM* T*ttigia*i'ffliiasa» 2 0 c 
T i<4. nRjBatttsnciasr 4 = *jc*bK:i£^ 

T.*¥*lSl©X«-*-^2 la. 2 1 b&tfYi* 

2 2 tm&toUma> Ztt*-*2 3 a . 
23b. 23c. 2 3 d *l* Ytt*- 

;u2 2 «*<0plW*X«*-fl'2 1 a. 2 1 b T 

X«i*-^2 1 a. 2 1 btt«B4«2#*-* 
2 3a. 23 b. 23c 23d 
„.;-»fflZ»t-?2 5 tc«fc ^ftftCFff 
»«T**J:*fifi**** , *« Y«fi*-^22 
CttSfcffl* * 2 7 ± V 2 8 4R»/PJ* 

y 2 9 4Hl6<B«ft*' yl 0 ******* 



3 7 ttfltt • iBlfi^K*®» 3 8 i**** 1 "** 
jjj L ^ _ -pffi ft ii* t - 9 © BIS** » * «* * 

«*sn. tt«a • «na*E#Ei83 ■ ttoa 

ft • <4E153e®«S3 9 iKa****-* xxiS 

* fcs«ffl« • ts8*B#tHiBi= ' 
Sis^igs* i #(*iiD*ft-0'*. • 
?s^0»3 9^iIa»-<>'^-7*-^08 3 s * , 

ttU#y|HHB«OB 4 0 c # v ISSIt* * 
ot _ -SiBK 2 4 a . 25a. 2 6 a C 14 

1,4. «.*-^56!PA®B©2 4 a ttXtt*-*" 
2 4 C « 2SattZft*-*-2SC* 2 6 a tt 

* u: « ± © «fc ■> -c « * * *«> * H * * & * 56 71 ® 
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B 3 1 iS«3F!S»3 2 tS-fflff&fl'ISS 3 3 tt 
£A<-*-*"*-*'-*0Y«i*-*-2 6 C «fc 9 

3 1 . 3 2. 3 3 tt*ffl^SaU »JBtt'<-< 7*? 

j:A*<na Lffi«*<raii ^Kifi/PiUiiEe 3<i* 

{t»t*.nfcfiEJS«K3 4at<eK*A. *«»"□« 

* &a*" x#ISj£t2E££ft'C * 4 * i 13 
TH4. Sffl*>2 7.2 8 .2 9 .3 0tt**V7 

-J>>4 . 

tg«* n«Bft»an© r s» 5- u > 

* "J - 91 ID BIB 3 6 ^k-? f * «'»^- * 

3 6 tt* *CHS<ffi«> * 'I - 3 7 ft IS 
f£© > * >J -«C»L*#«*Mla»ft*^ 
©■J---^©SS)&A- J f , tS*-{iH-*IS^'*'*^i' 1< 

4 j;-ift*snTi*4. »HJ5flS»> * v - 

4 S * 7C tt T * * * ¥ * 151 © X til 4 Y ft & tf ft ill 
ffi • {£ SI IB EE Be J; *) nfic-SiSfi 

z * # 2 « n n » » s *i * ■ * c " 15,13 5,1 * 
n4. coiaiA*©»fti5e* x*- s ii«fiJt 

ftEJB 1 3 9 v *~ 5 * T 

©ffiaiL*«sti«$n. ^^ffiffiffiasEiB i 4 si* 
t, * y*- s « rosea c* y*-n«*a> ■ 

4 • 

Z - n x A 2 

X - ( R — L ) xcos <mxA8) 

Y . ( R — L ) x»in 
C©ift©»ffi«X. Y. Z ffl.^©fett«J*&» 
W23 6 4 *aKdiiaB 6>ci*l-£flK« iT 
jffl ») 5fe* fctiatiifflS $ H4 © T^JBffiia 
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Ja±<D«*9£fl&#-J^r*£rztl&tt£ftL 
*. c <z>JEffi* *ifc£tS± * y -ft-?/.* 
-X0B 1 5«*Lillttf!»K2 0 C J; *) iSHttO 

#!Cfc£r * • 1 iZ I a -5 #§3 ft ft 

fltt • ttffi&SEIft l 3 ^SMQIB i 2 a CJ;D 
KMC* -t y*-* Y&cb Z«ici:T«J/fc;*ft*i£ 
aififfcA * ^^WiOlKEIM* -Ur— J3I L, * AX/- 

s»»EK:*?^Tttattigia2 o salt** 

3 5 TS«$*i/ i; -MIIIEIB.3 6 LT Z 



3 1 a B&JBIt $ ft*:efl#a<Ktt L - o <Z> # 

JB£ft*. c ft*$a *j s Lffi^r txtfljsttcajft 

^ fat A • *3d>fc3risJft 4 1 c«fc ->TWS • H8 
# © EE 15 * tt * i fc tt « 'J> $ * ft fi£ * # » $ tz 

K&m 4 El. 35 5 0tt*^"J|<©H*7C^«&a- 
2Si2O««-3aiaoflh(0|l5ttW*^Lfc(>OTIIl4 

c 2 *®az#0*&m* - * - i g c-k 

^tJ;?i:L/cU?u. c Eft* i 

» c wt 4 *«> ci«jH^aajiiia«cjftni « - * - 

1 7aD 9 0 ffitelft LTWE* 2 *<ffiEiD*|g 
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3 8 *<JHffl&a / « y - 3 7 KEftftgfc* Z & 

3 5 frhtiv 0« . tt OAS Oft 3 9 Ci£{fc<*ft 
* i«ISft 3 9tt*fiacJt4*»s.^y 7fi 

3 4 rt-MClW2e^fS^©©-Sai^mA <? <DJ5 
*C«*H 3 1 a - o|Bj % # y^j^ . 

3 9 ttfflift • ««#g#0ft 3 8 c 

3 7 -frt>®tt*-£T*> & . SXSftttt 

• fr^ttTLfctftftllffrtiCff***. 

2 9 0Ktt»ttM««H«||«:ttiC««XJRItttfr 



Ltt^J; o f y©,* -5 <> <Z> ? i£ 93 f# # (EI?** 
HJEteSayt:.*-^- 1 8 0.«s*Lfcfc*x - 

*»W®Hfti£»«teiS5fiaK:.kftwraHiftK: 

tetter, ^J5C. X^r vf tt^o^SJc 
I* K I U « T> 32 T ?1 - o « ^ ^> © i5 © /c ^ O I ,? RJI m 5Ac 6 
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5*^13*1 USA© ■> * 7 

f*iHio*a**f'i 

j&ft*»isr*c ± * *rt8T**K fit* • 
4. a w <d h * « a w 

3*412. $ 5 ElttflhOElHH**"*" 0 
tfti, * 1 BK*fc«©Hfc?cJBtt38fl«>»f* 
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35 3 Httttl»iB«©-biEBU 3* 4 12 E © H 

ana. m s a«:PU6«aa©* 

l«.«a # 2 -SB* 

3 -XI* IB 4 --by*-* 

5 y *- 6 

7 ■» * y -9- - as f* ito ft 

9 ... # - ;u 10- -fey* - * - 9 - 

12--C y ^-BBSitttettffi* - ^ - 

is- ua fit -f ^-nn0» 

L6~-ttB*flattJH% - 9 - 

17- «ffi#ffimStetftH* - * - 

18- H*5eBI»tea3 y * 
20-iiDfSlHJB 



21a. 21b "Xtt#-* 22- YH*-* 

23a. 23b, 23c, 23d Z *b # - ;U 

24 X ft * ^ * - 25 - Z tt * - 9 - 

26- y«* - * - 27—a*JW^ y 

28-* KM*' S/ 29-KHJN* 5/ 

30-«ffeffi*' * 34-Jfi»S» 

35 — 0 8 4 y^-7*^@a 

36 - ' « 'J 

37- J3sd&ia> * ! i - 

38 - M* ' W«*K»HB 

39- # y ■ (ft BIS EBB 

# S* iii Sfl A ffttSfc! 
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